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THE SECRETARY OF DEFENSE 

WASHINGTON, O.C. 20301 

May 6, 1994 


■ 


* 



Honorable A1 Gore 
President of the Senate 
Washington, DC 20510 


Dear Mr. President: 


Section 213 of the National Defense Authorization Act for Fiscal Year 1994, directed 
the Secretary of Defense to develop, in consultation with the Director, Office of Science and 
Technology Policy, and submit to Congress, a plan that "establishes and clearly defines 
Driorities goals and milestones regarding modernization of space launch capabilities for the 
Department of Defense or. if appropriate, for the Government as a whole." It also directed 
the Department to examine requirements for a new launch system, identify the means of 
reducing production costs for current launch systems, and conduct a comprehensive study of 
the differences between existing U.S. and foreign expendable space launch vehicles. 


This latter study on the differences, which is to be completed by October 1, 1994, will 
be provided separately and is not addressed by this action. 

The Department is not now in a position to submit the plan that establishes priorities, 
goals, and milestones for modernization, as required by secdon 213. The Department, 
however, has developed a plan for modemizadon of space launch capabilities and is 
forwarding herewith the Executive Summary of that plan. This summary should be viewed as 
the first step in complying with secdon 213. The summaiy identifies the opuons for 
modernizing the current expendable launch vehicle fleet, the rmlestones for each and 
associated development and operadons costs. At this tune the Department has notsekoed. 
specific option, nor have we chosen to implement any of the recomrnendauon^pmse actions 
will be addressed as we formulate the Departments fiscal year 1996 budget. That budget 
submission will respond fully to section 213, because we will have chosen a specific plan of 
action, which, in turn, will establish the goals, prionues, and nulestones for implementing that 

plan. 

A similar letter has been sent to the Speaker of the House. 


Sincerely, 



Enclosure 


John M. Deutch 

Deputy Secretary of Defense 





DEPARTMENT OF THE AIR FORCE 

HEADQUARTERS AIR FORCE SPACE COMMAND 


5 May 1994 

MEMORANDUM FOR DEPUTY SECRETARY OF DEFENSE 


FROM: HQ AFSPC/CV 

150 Vandenberg Street, Suite 1105 
Peterson AFB CO 80914-4020 

SUBJECT: Space Launch Modernization Plan 


In December 1993, you directed that a study group be formed to address the FY 94 Defense 
Authorization Act tasking to develop roadmap options establishing priorities, goals, and 
milestones for the modernization of US space launch capabilities on behalf of the Secretary of 
Defense. From January through March 1994, an inter-agency study group with participation from 
each of the nation’s four space sectors-defense, intelligence, civil, and commercial-examined this 

complex issue. 

Primary goals of the study were to investigate all facets of space launch, develop a 
comprehensive understanding and data base, and foster as much consensus among the 
government agencies as possible. The attached Executive Summary highlights the findings and 
recommendations of this group and has been coordinated by your staff through all appropriate 
executive agencies. In addition, detailed sub-panel annexes are being finalized; they should 
provide supporting data and rationale for the Executive Summary. Finally, a summary briefing is 
available for presentation to interested parties. 

During the course of this three-month intensive effort, the study team developed a set of 
roadmap options for modernizing US space launch capabilities. These roadmap options include 
sustaining current space launch systems, evolving current expendable launch systems, developing 
a new expendable launch system, and developing a new reusable launch system-all keyed to 
payload user needs to minimize transition costs. For all roadmap options, we recommend 
revitalizing the US “core” space launch technology program. 

Though this study does not recommend a specific program approach, we believe the roadmap 
options we have defined will provide the Department of Defense a range of choices to help the 
United States reduce the cost and improve the operational effectiveness of our space launch 
capabilities. 


cT. I ra*r^T-\ * 


THOMAS S. MOORMAN, JR. 

Lieutenant General, USAF 

Chairman, DoD Space Launch Modernization Study 


GUARDIANS OF THE HIGH FRONTIER 



Foreward 


Over the past decade s P ace ^ t f De f ense (DOD). Since the decision 
unsettled mission for the Departm * g D the sole access to space 

in the early 1980s to rely upon the Space gignificant policy and 

for the Nation, there have been y needs an d options. In the 

program chan g e^,and^coundess ^ D OD quickly reestablished 

aftermath of th n?T\n ^cmnViilit.ies to regain access to space for 

expendable launch vehicle ( H„ we ver these regenerated capabilities 

critical national security missions. ’ Atlas, an d Delta) that have 

were based upon existing launch systems CDtan AUas, ivcness . 

significant limitations in terms “ ““f^elopanewELVsystem 
Several efforts have been made m recent years todevelop_ ^ ^ 

.. Advanced Launch System ^ Launch S^em,^ p^ * 

have been terminated. At the sam ’ including Europe, Russia, 

systems and ThUS ' 

Seret no Sensational plan to guide our actions into the next century. 
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SPACE LAUNCH MODERNIZATION PLAN 

executive summary 


A. Tasking 

Section 213 of the 

(Appendix 1) dieted Td Technology Policy 

(OSTP), a plan that "establishes.and clemlydehnes^p ^es for the 
milestones regarding modernization of w t as a who i e ." It 

Department of Defense or, if app p ’ h gscDEF intends to allocate 
als P o directed that the plan speafy whether the SECD ^ ^ ^ 

funds for a new space laun years Defense Program (FYDP). 

development initiative m the nex t^ ^ reusable launch vehicle 

For any new non-man-rated e P , . the lan> t he Act directed 

technology development or acquisi ion funding, management, and 

exploration of innovative government - ™^a^on\me. Additionally, 
acquisition strategies tominimize q provide a means of 

the congressional direction spec** at the ri^^P ^ Act 

reducing the cost <)f pro ^“f ovide a c g ompari son between U.S. and foreign 
directed a separate report to pro report is to be prepared in 

expendable launch syste . nja^A and as appropriate, the heads 

consultation with the Admimstr^orrf NASA and, » «P£ That 

rep^^hlfbe'provfded^eparately and is not addressed by this action. 

— *• JSKm-S; 

Undersecretary of Defense for q (T0R) for the Space Launch 

in turn approved the Term on 23 Decem ber 1993 (Appendix 2). 

Modernization Plan (SLMP - th n (Appendix 3) to prepare 

The TOR established an^" 0 ™ (Appendix^4) to oversee and guide the effort. 

the plan and a^Steermg £PP the study Group to examine space 

In developing the Plan, me iy reducing production and 

launch systems requiremen s, pas launch technology development 

operations costs for -rent systei^pace launch ^dm^gy P ^ 

efforts being conducted in Government, anu 
management. 

t jj-f fL p TO r directed the Study Group to compare U.S. and foreign 

In addition, the TOR directeat * manufacturing, processmg, 

space launch systems in their effect on cost, reliabihty, and 

management, and infrastructure o h pl be su bmitted to 

operational effectiveness. The TOR directed me r § ^ 

USD(A&T) within 90 days and the comparison with loreign y 

completed by 1 October 1994. 
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B. Approach 

USDCA&T) a PPointed Lieutenant General Thr>™ o 
Commander of Air Force Snarp Po j , omas S. Moorman, Jr., Vice 
and Steering Groups had b°T ’ t0 lead 016 Boththe Study 

Aeronautics and Space Adndnistra31!Kr th^n National 
Commerce and Transportation tv,- m -ij ’ t ^ le departments of 

U.S. Space Command Defense'ap-pnr'p 1 Joint Staff, 

Defense (OSD). The Study Group worked^ *!• ° ffic ? ° f ““ Secr ctary of 
period, while the Steering Ground™* • con ‘ muousI y during the study 

effort. The guiding prinSple Zughouf^t^ *° and ^ ^ 

among all sectors-defense, intellfgence^riril^. deVelop consensus 

launch needs, solutions, and priorities. ’ d “““^al-on space 

apace mssion^mph^en t, teoughtnfnTe^rated effrT ^\ Nation ’ s 

s:r h “ ty - Tha 

tecl^olo^y policy 1accessible database 

De™,„p a ^“d e r ZZTe2?™t “***• 

requirements, tectaicahoperalons 2 and'b*” Pa " ds: environment, 
The Study Group received more than 1 “ ness/ma “ a gement (Appendix 5). 
agencies, industry, laboratories and think pre f enta * 10ns fr° m Government 
and roundtable discussions with cong^ssLXfe K C ° ndl ; cted interviews 
executives, and current and past natbTnl * , m ? ers and staff, industry 

developed a detailed understanding of the Nations' f™' ^ St “ dy Grou P 
needs and identified "facts of life" that aunch capabilities and 

developed four options with associated Stf choices - The group then 

each one in terms of requirements satisferfin ? roadma P s and assessed 
analysis and findings of each panel lnd Ts “ St ’ and risk - Details on the 
contained in Annexes A through E- daTsk^li, 0 '’ t.” 6 “ d road “aps are 
intelligence sector are documented in a compartmTtS £ »* 


of program, 
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C. Background 

m 

xitViipIi thp national spacelift mission is conducted 
The environment within objectives responsibilities, and influences. 

CS"— r^thStTu" 

of current circumstances and forces is essentia . 

1. Policy 

Past national space policies have emphas^d^d for assumd access to 
space. The current national policy context ^dommated 

improving the Nation s economy technology transfer from defense 

competitiveness as well as completion, OSTP was in 

to U.S. commeraal industry. As * * , SDacc i aunc h policy embodying 

the process °f <^°P in S national policy has included specific 

this theme. While past a launch capability, Uttle progress 

direction on modernizing ., i rlifferine views and interests m 

has been made due in large part to toddyJUtan* views^ ^ Executive 

this area and the inability o mam . . . draft space launch 

Branch. To tackle this problem, the"" . n ew dra for 

policy addresses DOD and NAbA roles ana p 
implementation. 

2. Prior Studies 

The Space Launch Modernization HanJudies are 
studies. Highlights and key items from four prior la 

included for background. 

o it .. t n f thr Adv mrr r^umiit tf p on the Future of thf V»^« 

vng ^ U1 p ppniipsted bv NASA and completed in 

Program (the A lini^tlllf ^ $ASA Administrator on the overall 

December 1990, this study advised the NASA balanced U.S. 

approaches NASA s uted a number of general 

space program in the future, me comnuu, 

concerns affecting America’s space program, including 


Lack of consensus 

Over commitment of financial and personne r 
Program turbulence because of unforeseen technical 

unrealistic program goals 

Institutional aging and large bureaucracies 


problems 
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• Need to maintain a technically qualified work force 

• Declining technology base whose scarce resources are often threatened 
by mission needs 

• Limited resilience of the Space Shuttle. 

Not surprisingly, the SLMP identifies some of the same issues today in 
relation to the U.S. space launch situation. The Augustine Committee 
recognized that access to space is the most fundamental building block 
without which there can be no future space program" and recommended 
reducing dependence on the Space Shuttle, developing a new, unmanned (but 
potentially man-rateable) launch vehicle, and maintaining an advanced 
launch system technology program to enhance current and evolving 
capabilities and provide a basis for new and revolutionary launch systems. 

k pie Future of the U.S, Space Launch Capability ( t he Aldridge 

brUflY)i Chartered by the National Space Council and completed in 

November 1992, this study examined the Nation’s spacefill needs and 

recommended proceeding immediately into the development' of a new 

expendable launch system called Spacelifter-a medium lift vehicle in the 

20,000 pounds to low-earth-orbit class with modular growth up to 50,000 

pounds to accommodate heavy lift requirements. The report noted that 

technology efforts such as the National Aero-Space Plane (NASP) and the 

Single Stage Rocket Technology (SSRT) programs were essential to future 

generations of fully reusable space launch systems. The report recognized 

the high costs of the Space Shuttle and suggested that an eventual solution 

to its high cost must be found. Finally, the report recommended that a new 

management structure, to include a launch "czar," be created to provide more 

centralized planning, integration, and coordination for implementing the 
Nation's launch strategy. 

c * ff ASA Access to Space study. Completed in 1993 in response to 
tasking in the FY 93 Appropriations Conference Committee language, 
NASA’s Access to Space Study examined the Nation's space launch needs.’ 
The agency studied three options: Option 1 maintained the Shuttle and 
current ELV fleet until 2030; Option 2 examined a new expendable launch 
system using state-of-the-art technology with a transition date of 2005- 
Option 3 developed a new advanced technology, next-generation reusable 
launch system with a technology demonstration program and an operational 
transition date of 2008. NASA recommended adoption of Option 3. 

d - P - QD Bottom-Up RfVifW, The DOD Bottom-Up Review (BUR), 
completed m 1993, included a review of DOD’s space launch program - 
taking into consideration commercial concerns, the needs of the civil space 
sector, and impacts on the U.S. industrial base. The BUR examined three 
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t 

.. „. Alternative 1 a life extension of the current expendable DOD 

alternatives ^Alternative^l, rf g new launch sy5te m; and 

fleet; Ate” 1 ® development of a 'leapfrog" technology launch system. 
Alternative 3, tfie d ^ P elimi nated as a viable alternative, but a 
Alternative 3 was eventu. L Tf)) rocket was included in Alternative 2. 
reusable single-stage-to-orb t (SSTO) was a desirab le 
The BUR acknowledged that spacelii rements were being met vdth 

national goal but coneu e So Alternative 1 was selected as 

t near term' and as such proved the basis 

to the 0 DOD space launch program in the FY 95 President s Budget. 

3. Management 

• ,. «rtors coexist in the national space community: defense, 
Four major sectors coexu_ Each sector ^ distinct space missions 

intelligence, civil, andcomm loped cultures and practices. 

However, sp^elift is a mission Z 

spaceiift 

systems and services. 

a. Defense Sector. The defense warning, 

efficient and cost-effective s P a ^ a ^ navigation ^^5 from space. 

surveillance, communication, ’ , increased reliance on smaller, 

The evolving National Military ra e ^P g and con fli c ts around the 

more mobile military forces to respo space launch capabilities 

ZtiSZZZ “aihS : f r f^ntds, resulting m a 
focus on medium lift capabilities. 

b. Intelligence Sector. The “^^^^^^ayloads are 
information to national and military capability is a top 

generally large and expensive, so reliable, neavy transition to any 

concern. The intelligence sector is also conc f™ ed . . fr expendable 

new launch vehicle because of experience with traasltl0 ^ , challenger 
launchers to the Space Shuttle and back to expendables after the CWle^ger 

accident. These changes required costly satellite modifications and caused 
long launch delays. 

c. Civil Sector. Human 

spafe launch system. 
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For the near term, NASA plans to meet its Space Station assembly and 
resupply requirements with the Space Shuttle and Russian Proton and Soyuz 
boosters For its scientific, communications relay, and earth ohservzti 
missions, NASA will rely on a limited number of medium lift expend 

boosters. 

d. Commercial Sector. Today’s commercial space launch reqmrem^ts are 
dominated by geosynchronous communications satellites. Both comme 
satellite build Js an^ launch service providers want l»w au-h servace pnce 
and dependable launch schedules, creating a natural synergy between 
“ dfof the defense and the commercial sectors. Although commercial 
competitiveness characterizes the dialogue in this sector, the Goveriunent is 
the predominant purchaser of launch products and services, and today there 
are Hmited opportunities to significantly expand the space launch mark . 

e New Management Models. Many different management schemes have 
been proposed to deal with the new, more stringent environment. One of 
SS taterest is a proposal to establish a quasi-public launch 
corporation similar to COMSAT. This corporation would be ohartered by 
Congress to develop, operate, and sell spacehft services to U.S. public a 
private customers. Such a corporation would provide a national entity 
operates on business principles and practices to 

As a quasi-public entity, the corporation would deal directly with spaceli 

users such as NASA, the Air Force NOAA, and cou^raal 6 «er fte 

u S Government would invest in the corporation-about $3.5 billion over tn 
first 5 to 7 years of the corporation’s existence-and would include a 
continuing anchor tenancy agreement. While many questions remain 
concerning implementation, the fundamental concept appears to address 
many management problems that the Government has found intractable. On 
the other hand, discussions with a variety of industry leaders as well as those 
familiar with COMSAT-like activities led the Study Group ^ conclude a 
absent a major breakthrough in the commercialization of space, this very 
furtive approach is not required at this time, but should continue to be 

examined. 

4. Economics 

a. Space Economics. Roughly 6 percent, of the DOD budget is spent on 

space P of which about 20 percent of this funding is spent on space1 ^ ' 
figure roughly on the order of $2.5 billion in todays dollars In contrast 

space activities make up about 93 percent of NASA s bud^t wit 
aeronautical activities accounting for the remaining 7 percent Launch costs 
account for about 31 percent of NASA’s budget-about $4.3 billion m todays 

dollars. 


■.I 
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b . Hardware Costs. Within defence tartar^ “ tcrta^ ‘ A«ls 

II a „d Atlas ID and j^g^? e ^g^ 1 a ^ew^ca^bUities have been added, these 
costs have ” s en nearj P when new contrac ts are awarded in the late 
are expected to mcreas * almost 60 pe rcent-approaching $325 

1990s. 'Ktan costs have 1Inefficient production rates priman y 
million for a Titan costs-Titan production was originally 

— ^"on^ ? Ct .ar versus todays rate of 3 per 

year. 

, ., +c nrp nostlv. The cost of expendable 

C. Failure Costs. ” w $300 minion per year and is 

launch vehicles failurereliability mid the high costs of 
growing. Failure to.achieve^ P contributors . Achieving predicted 

reliability rate^could reduce the cost of failure by half, but low launch rates 
make meeting these performance goals difficult. 

1- mt lrotc " While the overall DOD launch demand is decreasing, 

d. "Niche Markets. While tne oyer* .. . . .. ^ th limited ranges of 

ffie division of U S. laun* -pabdity mt^ niches ^ ^ ^ ^ ^ 

performance-small launchers, Tita > As dep i cte d in Figure 1 

Shuttle-further contributes to the projected to have a production 

below, no single heavy or medium launcher proj 

or launch rate of more than mne per year. 


Figure 


1: T ...nrh Vehicle "Niche Markets” 
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e * *P® mpetit ? veness - The commercial competitiveness of the U S fleet has 
eroded over time. Figure 2 below shows cost per pound of payload tozeo 

transfer orbit for all launch vehicles. The chart suggests that U S systems 
How^er^r ge ” erally price competitive with Ariane IV today.’ 

subsidization may permit competitors to price somewhat lower ^han the 
curve shown m Figure 2. Besides pricing, it is clear that other factors are at 
P l ^k-r! h as international politics, perceptions about U.S. launch systems 

contribute to d the^ edUle f n P Q endab i! ity> and marketing techniques that also 

and a^Tt^t AeUq h ^ Ther6 W3S general consensu * 
a concern that the U.S. will be even less price competitive with the advent 

of the new Ariane 5 system and the increasing use of the non-market 

economy launchers-China’s Long March and Russia’s Proton and Zenit A 

relative^ new commercial sector-the small communications satellite market 

sector^ 6 Tut^e ^? ra . stica,I 5 r ch “« e space launch landscape of all four 
sectors, but the actual size and viability of this new element nf th a 

commercial sector are still uncertain A recent DeTartLnt 

eS“fte 0 sir? ffi ft e h ° f C °rr al Sf>aCe ^portation (OCST study 
estimated the size of this market for 1994-2005 at between 4 and 10 medium 

launches for constellation deployment and between 8 to 12 small launches for 

constellation sustainment, noting that this estimate is highly uncertain 


• n 


,ii 


($M) 


Figure 2: Cost Per Pound 
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f Laonch Business. The medium/heavy 

dominated by Govenunent ’ a ™^t rf defense reductions, significantly 
demand has declined as a resu ^ssion requirements will 

toC fhSy toeSe, and the commercialjaun* ^ tendM^ Study 
i^X&Ss^teThL too many space launch providers 
® th too much production capacity. 

All launch providers are 

-* not be s “ to 

fund a major modernization effort. 

5. International Factors 

Foreign space launch competitionwell 
The European Space Agency (E limit the purchase of Russian 

tote the "future, lateral agrees hunt the ^p^ ^ ^ 

medium/heavy launch services ™a > Beyon d 2000, the Russians 

until 1994 (with a renewal un er comp etitive. Japan is entering the 

and Chinese can be expecte launch base limitations wil 

market with the H-2 booster, but its pnce ana 

constrain its market share. 

in addition fo the -***£3^ 

commercial launch market ismflue^d by^ international cons0 rtium with 

and politics. For example, ’ se i ec tion primarily on cost but 

close to 130 member nations, bases a among launch providers and 

also considers the need to maintain com P . Gi ^ en the environment, 

the political interests of consortium year are actually open for 

analysis estimates that only 12 to sa P uentlyi it is believed that 

bid by all launch service provide^ term to recapture a significant 

relatively little that can be done in th sharej rougMy 30 percent 

portion of the market. Hence a b s ent a modernization lmtiative. 
since 1990, will not change significantly absent a 

r. 1 nr^V, cprvices is increasing, there are 
While the competition for au cnacelift F° r example, U.S. and 

opportunities for increased cooperation in p 


l 


t; 
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Russian cooperation in space endeavors is growing. Changes in foreign 
policy have encouraged and resulted in significant U.S.-Russian cooperation 
underscored by the Space Station agreement and trade with Russia in space- 
related products and technology.. Russia possesses highly effective space 
launch systems and technologies that may provide attractive alternatives to 
domestic systems or technologies. However, the United States must also be 
cautious of creating unacceptable dependencies. 

6. Technology 

The Nation’s space launch technology investment-Defense, NASA, and 
industry--has dropped dramatically in the last 2 years from $570 million in 
FY 92 to $351 million in FY 94, a decrease of nearly 40 percent. The drop in 
funding is due primarily to major program cancellations including the 
National Launch System (NLS) and the Space Nuclear Thermal Propulsion 
programs, which exposes a weakness in our technology strategy. 
Dependency on major programs for the technology base provides robust 
funding while the program is healthy, but the efforts are eliminated as 

programs are canceled. 

Leaving out industry investment, the combined DOD/NASA space launch 
technology total for FY 94 is $312 million, with much of the funding 
earmarked for specific developments. Only 14 percent of the total, or $45 
million, supports DOD core technology efforts. Without a change in priority, 
funding will decline in FY 95, leaving a total of about $31 million. These 
funding levels are insufficient to accomplish a meaningful core space launch 

technology program. 

7. Operations 

a. Launch Delays. As a result of system design choices made years ago 
and the primacy of performance requirements, U.S. launch systems do not 
have the desired operability characteristics. Delays adversely impact cost, 
DOD mission performance, and throughput for defense and commercial 
customers. Delta is the most operable U.S. expendable launch system today 
with average delays of 22 days. For Atlas, recent statistics show an 88-day 
average delay. Titan must be considered a system still in development with 
long on-pad processing times—the average Titan delay is 223 days. 
Hardware tends to dominate delay statistics, but evidence indicates a 
significant percentage of the delays are traceable to faulty instrumentation. 

b. Manpower. U.S. launch system manufacturing and operations are 
manpower intensive. Current system designs fundamentally limit processing 
and operability improvements. U.S. manufacturing processes extend from 
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the plant to the launch 

r^nrr CT w wtn 

category, the launch P ro “^ “ favor ablywithAriane. In the case of 
disproportionately tog® “ ^ f substa ntially greater launch activity 

Titan IV, the launch team is sued tor U-S . launch bases are 

. it q cnacelift systems all meet their capability 
c. capability. The c^n U S ^ ^y^ operating and performance 

requirements, but often at the p necessitates expensive increases 

margins. Growth in payload mass , aunch F ratc would force 

in space launch vehicle ™““ infrastroc ture, including launch pads 

the current fleet, 
d. Reliability. Space launch 

a number of factors including P systems that include more 

The Delta II has quite highi reliability nt , Atlas y and jy, are not as 

stages, hardware, and ^^te^rectly impacts reliability. Systems with high 
reliable. Likewise, ^ ? 0 re opportunity to identify and 

flight rates, such as as Titan IV. Flight 

correct problems than those and the production learning curve 

rates are tied directly to product! production rates, 

e. Responsiveness. None of the ^^^tssodated Support launch 
responsive, either in the vehicles nature of their size. As 

complex. Small launch vehicles far re nsiveneS s decreases. One 

system size and complexity increas ’ q the Eastern Range, Delta II 

measure is the flight rate for each deeded. Atlas is limited to eight per 
can launch up to 12 missions P® r ^ . ’ ch f our missions per year. Shuttle 

year. On the low end, Titan IV d labor intensive 








Space Launch Modernization Plan 


D. Requirements 

There are widely divergent views within the space community on liow to 
define and characterize spacelift requirements. Traditionally, definition has 
focused on mission models and fundamental performance parameters. Early 
on, the Study Group concluded that a new method was needed to investigate 
requirements. Spacelift system requirements were analyzed using a Quality 
Function Deployment (QFD) process to define, develop, and rank system 
requirements. This methodology allowed participants of all four space 
sectors to develop a preliminary set of requirements that represent the 

’’wants" of all the sectors. 

Five top-level requirements were developed-capability, operability, 
economics, mission success, and responsiveness: 

. Capability describes the system’s ability to provide accurate, sufficient, 
predictable, and repeatable performance in operation. It covers access 
to multiple orbits, crew transport (currently a unique NASA 
requirement), launch rate, launch system performance, and payload 
accommodation. 

• Operability describes the spacelift system s ability to accomplish the 
spacelift mission in a timely manner and to support customer needs. 
It includes supportability, maintainability, operable processes and 
designs, availability, and schedule dependability. 

• Economics describes whether the system is efficient to develop, 
operate, and support. It addresses the entire spectrum of cost- 
effectiveness and competitiveness. 

• Mission success describes the system’s ability to satisfy spacelift 
requirements with a very low incidence of failure. It is characterized 
by system reliability, crew survival (currently a unique NASA 
requirement), payload survival, and effectiveness. 

• Responsiveness describes the ability of the system to quickly and 
dependably respond to changing Requirements. Responsiveness 
includes resiliency, ability to launch on need, and flexibility. 
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E. Current System Capabilities 

Current U.S. spacelift systemson? deg^or" motblTbom ballistic 
expendable systems are all derived, or ye near their maximum 

missile systems. All launc cages> modifications have been made to 

performance capabibty. In y „ o ’ romise flight margins, operability, 
extend performance eapabilities th P g t lift systems in 

and supportability. Figure 3 summarizes me 
terms of the above requirements. 


Fi i 

Payload 
Class 


edium 


savy 




Spacelift 
System 

Pegasus 


Capability 
(Performance; 
Launch Rate) 

Less than 1,000 
lb to LEO (east 
or polar); 4 per 
year 


Operability I Economics 
Modern, operable” $14 million per 

nn V flic 


Titan II 


4,200 lb to LEO 
polar; 3 per year 


Delta II 


Atlas 1,11, 
11A, HAS 


Titan IV 


4,200 lb to GTO; 
9 per year 

4,970 lb to 8,450 
lb to GTO; 4 per 
year 


design; 

maintainable; 
routine 
operations; 
contractor 
logistics suppor t 
Refurbished 

1CBM - no 

enhancements; 
contractor 
lo gistics support 
Most dependable 
ELV; some AF 
lo gistics support 
Contractor 
logistics support- 


Shuttle 


Up to 10,000 lb UT Contractor 
GEO, 49,000 lb to logistics support, 
LEO; 4-5 per not designed for 

year (both coasts) operability 

Up to 53,500 lb ttT Contractor 
LEO; crewed; logistics support; 

8 per year some operability 

features 


flight; only flight- 
proven 

commercial SLV; 
very producible 


$35 million per 
flight; hand- 
refurbished from 

1CBM 

$40 million per 
flight; modern 
production line 
$90 million per 
flight; modern 
production line 

$250 million to 
$325 million per 
flight; very low 
production rates 
(3 per year) _ 
$375 million per 
flight at 8 per 
year 


Mission Success 
for Current 

Configuration 

1.0 mission success 
rate 


Responsive¬ 
ness 

2-4 month call 
up; standard 
interface 


0.75 mission 
success rate; 1.0 


90 day call up for 
DMSP; 66 days 


»- 

launch success rate on pad 
1.0 mission success^ 98 day call up; 56 


rate 

0.863 mission 
success rate for 
Atlas-Centaur 
system 
0.857 mission 


days on pad 

No call up; 50 
days time on pad 


180+ day call up; 


U.OO I UilMiwu 1 ' , 

success rate; still in | 110 days on pad 
development 


0.982 mission 
success rate (ops 
flights only) 


12-33 month call 
up; 21 days on 
pad 
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F. Centers of Gravity 

Hf the many metrics that could be used to measure improvement in space 
Uu^ch X s“ dy Group identified five key leverage areas or centers of 

8131 ” ty -J Z ^WehesUeverage in achieving desired goals. These centers can 
£ ghly interdependent and « 

over time The centers of gravity for spacelift and the results 
improvements in each center are as follows: 

. Production and launch rate and stability -Reduce the 

launch; maintain production, processing, and operations continuity, 

and improve the ability to meet reliability goals. 

. Reliability -Control the high costs of failure and thereby improve the 
availability of resources for investment. 

. Technology availability -Provide a foundation for force modernization 
V at reasonable cost, schedule, and technical nsk. 

. Space launch marntgemeiX-Achieve and maintain consensus move 
from available technologies to fielded capability, and 
technological and industrial drift and atrophy. 

• . Funding commitment -Move beyond the austere upgrades to current 
V system/that limit the U.S. ability to perform its mission and compete 
effectively in the international marketplace. 

The recommendations of the Study have been assessed using these centers of 
gravity to ensure that they work these high-leverage areas. 
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G. Options 

The Study Group developed four options for modernizing U.S. space launch 
cap abilitie s. 

. Option 1: Sustain existing launch systems 

Option 2: Evolve current expendable launch systems 

• Option 3: Develop a new expendable launch system 

. Option 4 : Develop a new reusable launch system 

collectively, they -prese™- 

individual 

**<■» tf tn ss ss 

SfeSSS "ucturl 

sustainment and modernization. 

1. Core Technology 

A key element of any program^c^-endyTDOT ' 
space launch technology investme . > . i j increase 

technology is funded at roughly $45 million per year A b “!-P h * s “ ““ a 
from that level to $120 million per year would allow DOD to pursue ® 

coherent strategy for space launch technology develo P m ^shTuld 
range of future launch system 

P^Agency 8 ’^ding consistent with congr^ona, direction. 
Areas for increased technology investment are shown in Figure 4. 

* 

2. Sustainment 

Spacelift system sustainment covers the launch bases, space laum* 
complexes (SLCs), and the ranges. The majority of sustammen l 
the Air Force through the Space Launch Infrastructure Investment Plan 
(SLIIP), an investment strategy that includes both critical u pgrad es to SLCs 
and the Range Standardization and Automation (RSA) P rogra “ , The 
Force’s commitment to improving the infrastructure is commendable■ 
sustainment under the SLIIP addresses critical upgrades to laundi pads> a 
: their associated complexes. When RSA is completed in 2003, will ha 
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brought the ranges* 1950s equipment and methodologies up to the state of 
the art. Current range equipment and facilities must be sustained until the 

benefits of RSA are fully realized. 

« 


Expendable 

Unique 


Common 


Reusable 

Unique 


ire 


4: OOP Core Space Launch Teehnolo 


Propulsion 

Vehicle 

Operations 

Low Cost Engine 

Storable Propellants 

Clean Solid Propellants 

Hybrid Propulsion 

Low Cost Booster 


Upper SUge Propulsion 

Russian Engine Test 

Simple Pumps 
Chambers/Injectors 

Test Beds 

_High Energy Fuels- 

Adaptive GN&C 

Al/Li Structures 
Composites 

Low Cost Mfg 
ManTech 

Automated Processes 
Health Management 

Non Destructive 
Inspection 

Leak Free Joints 

Fault Isolation 

Linear Aeroapike 

Advanced Propulsion 
Prebumer 
• Turbopumps 
Tripropellants 

Primary Structure 
Insulation 

Reliable Sensors 
CryoTanks 
Aerothemno 

Recovery/Refurbishment 


Total FYDP Unfunded Core Technology Inv estment $384M (CY94$) 

97 98 

$86M $83M 


95 

$45M 


96 

$89 M 


99 

$81M 


3. Transition Windows 

Transition costs for new launch systems include those for concurrent 
operation and maintenance of old and new boosters, infrastructure, and 
personnel until all payloads are being launched on the new system(s). One 
way to minimize this cost is to ensure new launch systems are available m 
time to influence designs for new satellites or planned satellite block 
changes. Each of the options has been structured to make maximum use of 
program phasing such that new launch systems are introduced m convenient 

transition windows. 


• Medium lift: 2003-2005 

• Heavy lift: 2005-2007,2009,2011-2013 
. Space Shuttle: 2006-2010. 


4. Option Descriptions 

a. Option X: Sustain Existing Launch Systems. Option 1 maintains the 
current fleet of launch systems-Delta. Atlas, Titan, and the Space Shutt e~ 
for the foreseeable future. Funding, based on the FY 95 President s Budget 
includes only “austere” upgrades to enable missions, improve reliability and 
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safety, or to address obsolescence. 

NASA plans to continue Space Shuttle operations through the early part of 
the next decade and to continue to use existing ELVs for science missions. 
The NASA budget funds a focused technology program for reusable launch 
vehicles accomplished in cooperation with planned DOD technology 
investments. Tentative plans include conducting flight demonstrations prior 
to the turn of the century. Such demonstrations could support a Space 
Shuttle replacement decision in 1999-2000 with credible cost and 
engineering data. At that point, NASA will either recommend a new start for 
a Space Shuttle replacement or will program additional safety and reliability 
upgrades to the existing Shuttle system and procure an additional orbiter. 

The FY 95 President’s Budget includes money for a competition for a medium 
class launch vehicle (MLV IV) in FY 96 to support operational Air Force 
launches. The Request for Proposals (RFP) for MLV IV may contain 
provisions for support to new DOD on-orbit capabilities: the ALARM early 
warning satellite and advanced EHF satellites. 

Market-driven industry downsizing may reduce operating costs from current 
levels. Under Option 1, per flight costs are anticipated to be as follows. The 
range in costs are due to differences in booster type and configuration (w/ or 

w/o an upper stage). 

. Medium lift: $50-$125 million per flight 

• Heavy lift: $250-$320 million per flight 

• Space Shuttle: $375 million per flight. 

b. Option 2: Evolve Current Expendable Launch Systems. Key 
features of Option 2 include flying out current launch vehicles already on 
contract, evolving a family of launch vehicles from current systems by 
consolidating medium and heavy lift booster families, and fielding the 
evolved vehicles to meet payload transition windows. This option would cost 
between $1.0 billion and $2.5 billion in CY 94 dollars, but would significantly 
lower operations costs by increasing production rates. Private financing may 
be available for this option with suitable Government guarantees, such as 
anchor tenancy or low-interest loans. 

As in Option 1, NASA will continue Shuttle operations through the early part 
of the next decade, continue to use existing ELVs for science missions, and 
fund a reusable technology program with coordinated DOD investments. 

Option 2’s acquisition approach includes a competitive procurement with the 
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Request for Proposes ®FP) — to 

various sets of payload weig - leInen ts should include firm cost targets, 
operations concepts, and strong mtentive 

^:" C teeing costs for this option are estimated at 
. Medium lift: $50480 million per flight 

. Heavy lift: $1004150 million per flight 

. Space Shuttle: $375 million per flight. 

c . Option 3: Develop a New 

would correct deficiencies in c ' Jrr “ e *V significantly improved reliability, 
entirely new launch velude f ^^ et S1 ^p ape / approach for a new 
operability, and cost. This clea , ar famiW composed of a common core 
expendable system would use tems „ str ap.„n^stages, upper stage(s), 

vehicle and/or common major su y f ac flities. There are two major 

payload fairings, and processing ent cou ld follow: (a) replace only 

paths a new expendable system ev p „ . current ELVs and the Space 

the current expendable systems," ' J uld requ ire significant additional 
Shuttle. Replacing the Space S h d pers0 nnel and cargo transport 

investment for crew rating enhancements and per 

systems development. 

The nonrecurring development 

estimated to be in the $ 5 bflhon wQuld require an additional $546 

^io"iop P ” cSrlig flight costs are estimated to he 

: ^^“rfl^'gW. 

. Personnel launch: $90-$190 million per flight 
. CaioTransport: $1304230 million per flight. 

develop a fidly reusable space jaunc^ y operability and 

substantially reducing ^ “ Ue system requires significant advances 

ZESZni ^‘substantial engineering development, this option ,s based 
on a phased development. 

a • * „«,Wake a focused technology 

The overall approach for Option>4 is tomto dedsion as whether 

development and demonstration effort followed J duction of a fleet 

to proceed with development of a prototype system an P 
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i 

of operational vehicles. A parallel technology development and flight 
demonstrator program would be conducted to define technology and 

engineering feasibility and risks before committing to full-scale system 
development. 

si Because of the wide range of technologies, designs, and operating concepts 
| among the various reusable concepts, the cost estimates for a new reusable 
k system span a broad range. The technology development and 

[f demonstration would require $0.6 billion to $0.9 billion. The cost for 
| engineering development ranges from $6 billion to $20+ billion. This wide 
p range captures the most innovative industry approaches on one end and 
P NASA s estimate from Option 3 of the Access to Space Study on the other end. 
I The cost for procuring a four-vehicle fleet ranges from $2.5 billion to $10.5 
%. billion spent beginning in the year 2004 and continuing through 2009. 
|| Although the nonrecurring development and procurement investment is 
| relatively high, the annual operational cost of the fleet is estimated to be in 
| the $0.5 billion to $1.5 billion range, compared with today’s annual Space 
Shuttle and expendable launch costs of over $6 billion. 
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H. Roadmaps 

The Study Group developed roadmaps from the system options described 
above. Each roadmap contains main elements from one or more options as 
well as common elements, such as core technology, infrastructure 
improvements, and transition opportunities. Each allows for technology 
maturation and changes in strategy by showing appropriate transition points 
between options. The roadmaps also include a focused technology segment 
that both supports the specific set of options displayed and maintains a 
healthy generic spacelift technology base to preserve future choices. 

1. Roadmap 1: Existing Systems. 

This roadmap, shown in Figure 5, focuses on retaining the current space 
launch systems through at least 2012 with appropriate service life extension 
programs. Service life, extension is accomplished by the Titan IV Reliability 
Program and the Medium Launch Vehicle Follow-On Buy. Both of these 
programs involve a minimal set of critical upgrades to the current systems. 
This roadmap also shows potential transition points to all three of the other 

options. NASA would continue to fly the Shuttle for human spaceflight 
operations and Space Station resupply. 


Option 1 


C y y \ .v 


Figure 5: Roadmap 1-Existing Systems 
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2. Roadmap 2: Evolved Expendable Launch Vehicle. 

This roadmap, shownJ^-eiit ’spacTSch^ehide!into one family of 

xrzrsfz xrJTe 

suboptions: “ ther .“"“vethcle lMLV), or consolidate the MLV and heavy 
evolving a medium launch wtfim family NASA continues 

launch vehicle (HLV) requirements into one / and Space Station 

t „ fly the Space 

support. In parallel, the • • , . Droera m supporting a later 

technology demonstration an m ^ (Option 4) with a decision point 

fn 2008 w^er or noUo transition DOD payloads to the new system. 


Option 2 


A. /x 


^ic nirft fi: Roadma p 2-Evolved EL Y- 

on os Qfi Q7 98 99 00 01 02 03 04 05 06 07 08 09 10 HJg- 


I Study 

Evolved HLV 
or 

Titan IV 


Ply Evolved Systems 


MLV ILC 


HLV ILC 
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\ h* 
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4. Roadmap 4: Reusable Launch Vehicle. 

This roadmap, shown in Figure 8, highlights Option 4, which develops a new 
reusable launch vehicle. This roadmap includes an extensive, robust RLV 
technology maturation and demonstration program identical to that in 
Roadmap 1. The only difference is that this roadmap assumes the decision to 
implement Option 4 is made. A decision point for a heavy lift RLV is shown 
in 2008. 


Figure 8: Roadmap 4-Reusable Launch Vehicle 






















Space Launch Modernization Plan 


I. Findings and Recommendations 

The study developed 15 findings and recommendations divided into four 
groups: 

• Fundamental drivers of the space launch industry 

• Critical drivers of cost, capability, or operations 

• Special focus areas 

j • Current operations enhancement areas. 

r 

>, 

c 

r 

j 1. Fundamental Drivers of the Space Launch Industry 

i 

j Finding #1: Excess production and processing capacity exist within 

| the space launch industry. 

S 

1 The space launch industry grew up in times of increasing budgets, strong 
| national interest, increasing requirements, and a technology base that 
j produced many satellites with limited lifetimes. The result was a high 
j launch rate and a robust space launch industry. Today, we do more mission 
I with fewer satellites, and the on-orbit lifetimes are very long. The net result 

I is that the launch rate has decreased markedly, yet the industry still has 

£ 

I multiple providers with several families of launch vehicles and a capacity to 
I produce more than is needed. Different elements of the industry have 
i developed niches of capability, each of which operates at low, inefficient 
V rates, and none of which remain cost-effective. 

i* 

'» * . 

j Recommendation #1: A major objective of future modernization 
I efforts should be to reduce industrial overhead through downsizing 
and reduction of niche markets. 

4' 

t 

1 

\ Finding #2: Industry is unwilling to fund major space launch 
■ modernization alone, but private “up front” investment may be 
available given United States Government guarantees. 

| Because of high costs and decreasing demand, the space launch industry has 
I little incentive to make the significant capital investment necessary to 
modernize its product lines. Several innovative funding concepts exist, some 
I of which may require special legislation, that could enable the Government to 
| become a partner with industry to encourage modernization, such as off- 
| budget financing (e.g., loan guarantees, tax incentives, government 
| indemnification), and anchor tenancy (guaranteed minimum launch rates 
I and prices). Such guarantees would also encourage private investment to 
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levels perhaps as high as $1 billion. 

Recommendation #2; DOD should pursue innovative incentives to 
encourage private and industrial investment in space launch 
modernization. 


Finding #3: Driven by user (DOD and National) requirements and 
current booster and spacecraft technology, heavy lift is required for 
the foreseeable future. 

Any restructure of the space launch industry will require a solid 
understanding of the range of lift capability required. The number of 
launches of the Titan IV, today’s HLV, has decreased substantially. 
Therefore, it has been suggested that the Nation could move all satellites to 
either medium launch vehicles or to the Space Shuttle, eliminating the need 
for a heavy lift vehicle. The Study Group examined in detail the user 
requirements that drive heavy lift and the technology potential for heavy 
satellite downsizing to MLV class payloads. These heavy lift requirements 
are principally intelligence related, including but not limited to military 
operational and science and technology (S&T) intelligence requirements. 
Intelligence needs and technology limit the potential to downsize intelligence 
satellites, and it is unlikely that any known technologies could enable similar 
mission success at MLV weights and sizes in the near term. 

Recommendation #3A: In the near term, DOD must continue and 
improve heavy lift capability 

Recommendation #3B: In the longer term, DOD should review and 
revalidate its intelligence requirements (both operational and S&T) 
that drive heavy lift. The NRO should continue to examine advanced 
spacecraft technologies that could provide major reductions in 
payload size and weight. 


Finding #4: Opportunities for payload-booster transition are 

currently not fully coordinated to maximize the cost-benefit to the 

Government. 

The introduction of new space launch capabilities must be timed properly to 
realize cost-effective transitions of spacecraft to the new capabilities. 
Redesigning satellites to fly on new boosters is extremely costly, delays the 
satellite program, and often does not improve satellite capability. The 
movement of payloads onto and then off the Space Shuttle is the case in 
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. , , novlnad transition costs were extraordinary. Based upon 

v a, • onr\Q onn*v anrl for th.6 Sfint»tl6 in 2006 201.6. Any J 
* shoidd be timed such that the initial launch capability 

OLO of new spacelift systems occurs at the satellites' transition points. 

, *• *a. if n tlpw or evolved space launch system is 

furlu^hTlLC should be planned to coincide with anticipated 
payload block changes and/or new starts. 

2. Critical Drivers of Cost, Capability, or Operations 

Finding #5: Increased cost of failure demands greater empha 
placed improving reliability. 

The cost of the vehicle,[booster and*£***1993 
SnaUrbowever, post-accident — 

^itr it lojd ^ Nation m^ onto 

thC - 1 *“% £%£££*.** lack of 
S" tre S e and failure mode analyst,process control, and 
instrumentation in the launch system and infrastructure. 

Recommendation #5: Support and sustain funding for launch system 
and infrastructure reliability improvements. 

Finding #6: Operations costs per launch for Titan IV are significant 
and rising. 

Although there have been eight Titan N^ laun^s*it has not yet 

d“ Kt^i^ — tthLjfmn W 

Cots ind the sy“m approaches FOC, the on-pad time should shrink, 
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and the number of personnel, particularly those involved in Titan RDT&E, 
should diminish. If the number of Titan IV launches per year remains very 
small, it would be appropriate to consider closing or putting into a backup 
mode one of the East Coast Titan JV launch pads. 

Recommendation #6; Aggressively restructure and streamline Titan 
launch base operations to reduce current and future operations costs. 


Finding #7: A cross-sector process to collect, coordinate, and 
consolidate space launch, requirements does not exist. 


The most fundamental driver of space launch capability is the set of space 
launch requirements, yet there are widely differing views and definitions of 
these throughout the four space sectors. No forum or mechanism has been 
available to coordinate intersector launch requirements, which has hampered 
the Executive Branch’s ability to articulate needs and sustain support for 
spacelift modernization. A cross-sector process that balances performance, 
sustainability, reliability, and cost-effectiveness, such as the Quality 
Function Deployment used in this study, would greatly facilitate a national 
consensus on where this country should go in space launch. The results of 
the QFD process performed during the Study form the basis for follow-on 

work in this area. 

Recommendation #7; Institutionalize a process to gain and sustain 
community agreement on requirements and associated metrics. 


Finding #8: The DOD core space launch technology program is 
significantly underfunded and externally constrained, which has 
hindered opportunities for space launch modernization. 

Future capability depends on the availability of technology, but space launch 
technology has suffered in terms of quality and quantity such that current 
modernization options are limited. Much of the technology work has been 
accomplished in major programs (ALS, NLS) that no longer exist. Other 
work is specifically directed such that it cannot be refocused on the most 
pressing technology issues. Overall space <launch technology funding has 
decreased, and the amount available for core technology, such as engines and 
structures, is a small fraction of the total. While the emphasis in launch 
technology has traditionally been on performance, in the future, greater focus 
on technology to decrease cost is needed. Core technology needs to be 
increased in the near term; FY 94 ARP A funding should be used to enhance 
the core DOD launch technology program, consistent with congressional 
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™ ‘■‘SJrS 

expendable boosters. 

for a core space launch 

Recommendation #8: y or ^fure investment. 

technology program as an enabler t fu 

• il p crround equipment at the launch 
A critical limit in launch opera Western Ranges, much of which is 
bases, particularly at the E systems average three failure 

antiquated and unsupportable. Some ra g ? 1992 and September 

per mission. On 16 Delta mission^^.^^ 22 delays. In light of those 
1993, Eastern Range equipmen p nst ituted and funded the Range 
deficiencies, the Air Force as ^ g .. and i aun ch base infrastructure 

Standardization an^Automat,onJ ^ very successful 

SSdaKres continued advocacy and support. 

Recommendation #9: Continue fundU* BSA and launcH tase 

infrastructure improvements. 

3 Special Focus Areas 

sss: — 5;r 

_ • c ^nvipt Union create some 

The end of the Cold War and *e demise ^ la(mch Specifically, 

significant opportunities °c c ? high performance, robust margins, an 
Russian rocket engines dem Russia has foreign policy benefi , 

proven ruggedness. Coopera 10 Russian engine technology has 

i however, at the same tune. from a dependency point of view. 

potential national secunty P ation j n this area is the RD‘ 17 

t The prime Russian candidate for P NASA and industry, should 

Inrine^hich the Air Force, in cooperation vnth NA nt and rocket 

S SSri and test. BD-170 festmg win pve *e 11.^ ^ approaches a nd 
I ^"investigate tire use of Russian engine technology 
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applicable to future reusable vehicles. 

Recommendation #10: DOD should lead and fund a cooperative effort, 
with NASA and industry, to investigate the use of Russian engines and 
engine technology in future ELVs. 

Finding #11: There exists general consensus on the potential 
benefits of a new reusable system; however, there are widely 
divergent views on timing, approach, cost, and risk. 

A fully reusable launch system is an intriguing concept to all the space 
sectors and industry alike. It offers the potential benefits of responsiveness, 
reliability, operability, and very low cost per flight, which are universally 
agreed to be desirable. However, the feasibility of achieving those benefits is 
uncertain. Based on its needs to continue human spaceflight and provide 
options to replace the Shuttle, NASA should be assigned the lead for 
reusables with DOD maintaining a cooperative reusable program. On the 
other hand, DOD should lead in the ELV arena. Each agency should manage 
and fund efforts within their respective areas of responsibility. To prove the 
concept, sustain support, and enable lower risk entry into system 
development, the reusable technology program should include flight 
demonstrations. 

Recommendation #11: Pursue a cooperative NASAJDOD technology 
maturation effort that includes experimental flight demonstrations. 

Finding #12: DOD and NASA space launch program coordination 
needs to be improved. 

While the civil and defense space programs are clearly separate and distinct, 
space launch is an area of common interest and interdependence that needs 
interagency coordination. In particular; organizational roles in launch 
vehicle technology need to be defined and coordinated to avoid confusion and 
overlap. The Aeronautics and Astronautics Coordination Board (AACB) has 
been used in the past for high-level DOD/NASA coordination, but in recent 
years the Board has been used infrequently. In addition to improved 
DOD/NASA oversight, coordination with other Executive departments is 
likewise important. 

Recommendation #12A: Assign DOD the lead role in expendable 
launch vehicles and NASA the lead in reusables. 
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Recommendation *12B: Maintain top-level ™DtNASA oversight and 
ToorZZtion through a mechanism such as the AACB. 

m 

Finding #13: 

conunmdcEdions and surveillance systems. 

An exciting but uncertain trend in ^tributed low-earth-orbit 

consteUation concepts for commurn and Late a large, 

stmt rK u s e ir^bicies. h«~. — 

concepts are not yet proven. 

The Government is clearly mak g P & continue to look for further 

commercial launch industry and opportunit ies for commercial 

improvements that wou resu access to launch facilities and user 

launch suppliers, such as _T P d the Study concluded the Government 

friendly range function rather than taking a lead role 

should let commercial market torces iuuw 

at this time. 

, . r.vo. r)OD should continue to monitor development 

Recommendation #1 • market but not take an active leading 

of the small launch vehicle market but not 

role. 

4 . Current Operations Enhancement Areas 

Finding #14- Substantial data on DOD launch uperatton.> exist, 
however, the information is difficult to access and use effecbv y- 

The Air For. routineiy "'v" Sd"gets 

maintenance " “tuStntial amoLt of data is collected and 
air operations. Similar equipment, facilities, operations, and 

maintained on launc however is scattered, poorly organized, and 

processes. This informa i , \ . v inhibits its use, raises costs, and 

inconsistently collected and an ^ data col i ec tion and formatting 

Wd r ^ S easierrfs and interpretation of the information to support 
operations and sustainment decisions. 

Recommendation *14: Establish a standardized program for metrics, 
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data collection, and supporting analysis. 

Finding #15: There is a lack of standardization within Air. Force 
space launch systems and operations. 

Standardization at the launch bases is lacking in areas beyond just data. 
The launch systems and operations themselves are different at Cape 
Canaveral Air Station than at Vandenberg Air Force Base. Each launch base 
developed its own procedures when launch was under R&D management. 
Notwithstanding the transfer of the launch bases to an operational 
command, the unique systems and operations remain. Air Force Space 
Command launch wings, system program offices, and NASA should work 
together to define and implement a common set of standards. 

Recommendation #15: Develop a standard set of procedures, systems, 
interfaces, processes, and infrastructure across all the launch bases. 
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J. Concluding Remarks 

r-s,r— 

do we create °fe°s n u* atustaiforeign technology; on innovative funding 

cheaper approaches, such as using B rewards; and on 

where Government and industry share tne n^b 
preserving future options by investing m enabling technology. 

„ , n „ mom w received widely differing views and 

Although the Study ^ r °^ h ne eds, technologies, programs, and 
recommendations on launc tu J v Space launch is 

management, one consistent fteme p^aded to stady^Sp ^ 

the key enabling capability f f ^corrected, will have 

space. Serious deficiencies in -P"**^*^ While resources to 

profound impacts on the Nation long-term commitment to improve 

correct these problem? wi ’ whatever path is chosen must 

cost and operational effectiveness «| eesenPa£ lo term plan . 

be done as part of a can ati should be used to foster 

The consensus begun in this st y The Nation can accept the status 

""^"XtTrn a" “ take sJps however 
a 0 o r r"d!" a more robust and capable space launch future. 

The choice remains open. 
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PUBLIC LAW 103-160 - NO V. 30,1993 

N ATIONAL DEFENSE AUTH ORIZATION ACT 

FOR FISCAL YEAR 1994. 

An Act 

To authorize appropriations for Ener ^ t0 

the —"■» - - ~ 

SECTION 213. SPACE LAUNCH MODERNIZATION PLAN. 

(a) PLAN REQUIRED. - 0) The 

establishes and clearly defines P n “™“’ | 0 ^’ “ tf appropriate, for the Government as a 
bunch capabilities for the Department £■>*£* ’ ™ w aUocate funds for a new space 

whole. The plan shall spectfy wtoher the Srer * ^ ^ ncx( fut u re - y ears defense 

launch vehicle or other major spacelaunc P » Unite(J States Code. 

^ —ion with the Director of the Office of Sconce 

- TeC njTOl Secretary shall submit the plan to Congress at the same dme in .994 .ha, the 

Secretary^subnets to to * appropriated in 

(b) ALLOCATION OF FUNDS -Otto** of Un(to secretary of Defense 

—- as of * date 

'"^^"^'""available for the single-stage rochet technology (SSRT) 
program, including Qf phase onc of the SSRT program begun in the Balhsnc Mtssde 

sys,ems ,o support 

design-to-cost, engine applications to 

achieve^”^"., £. durability —ton ne^ed for tmproved 

, shall* available for similar taslts minted to expendable launch vehtcle, 

mcluding- ^ newexpcndaWespace .tarn* ivehicles; , 0 suppon 

(B) data base development on domestic and to g ^ 

design-,o-cost, engine development an<I reductdl - y J eM a pp U ca,ions to 

(C) examination of expendable engine mrubi 
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achieve advanced producibility, cost, and durability information needed for improved 
designs. 

(c) REQUIREMENTS REGARDING DEVELOPMENT OF NEW LAUNCH 
VEHICLES. - If the space launch plan under subsection (a) identifies a new, non-man-rated 
expendable or reusable launch vehicle technology for development or acquisition, the Secretary 
shall explore innovative government-industry funding, management, and acquisition strategies to 
minimize the cost and time involved. 

(d) COST REDUCTION REQUIREMENT. - The plan shall provide for a means of 
reducing the cost of producing existing launch vehicles at current and projected production rates 
below the current estimates of the costs for those production rates. 

(e) STUDY OF DIFFERENCES BETWEEN UNITED STATES AND FOREIGN 
SPACE LAUNCH VEHICLES. - (1) The Secretary of Defense shall conduct a comprehensive 
study of the differences between existing United States and foreign expendable space launch 
vehicles in order- 

(A) to identify specific differences in the design, manufacture, processing, and 
overall management and infrastructure of such space launch vehicles; and 

(B) to determine the approximate effect of the differences on the relative cost, 
reliability, and operational' efficiency of such space launch vehicles. 

(2) The Secretary shall consult with the Administrator of the National Aeronautics and 
Space Administration and, as appropriate, the heads of other Federal agencies and appropriate 
personnel of United States industries and academic institutions in carrying out the study. 

(3) The Secretary shall submit to Congress a report of the results of the study no later 
than October 1,1994. 
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Appendix 2: 

Terms of Reference for the Space Launch 

Modernization Plan 


I 


THE UNDER SECRETARY OF DEFENSE 
WASHINGTON. DC 20301-3000 

23 DEC 1993 


MEMORANDUM FOR UNDER SECRETARY OF DEFENSE (POLICY) 

VICE CHAIRMAN JOINT CHIEFS OF STAFF 
ASSISTANT SECRETARY OF THE ARMY (RESEARCH, 
DEVELOPMENT & ACQUISITION) 

ASSISTANT SECRETARY OF THE NAVY (RESEARCH, 
DEVELOPMENT & ACQUISITION) 

DIRECTOR ADVANCED RESEARCH PROJECTS AGENCY 
DIRECTOR BALLISTIC MISSILE DEFENSE OFFICE 
DIRECTOR NATIONAL RECONAISSANCE OFFICE 

SUBJECT: Space Launch Modernization Plan 

The Fiscal Year 1994 Defense Authorization Act tasks the Secretary of Defense to develop a 
p an to establish priorities, goals, and milestones for the modernization of space launch capabilities 
for the Department of Defense or, if appropriate, the Government as a whole. It also directs the 
Department of Defense to examine requirements for a new launch system, means of reducing 

i production costs for current launch systems, and the differences between U.S. and foreign launch 

j systems, 

i 

t 

£ 

j * ^ ave Air Force to lead a study group under the chairmanship of Lt General 

| omas S. Moorman Jr., Vice Commander of Air Force Space Command to produce this plan. The 

[ terms of reference for this activity is attached. Since this issue cuts across the Defense Department 

i as well as other government agencies, it is essential the group be as representative as possible. To 

j t ^ lar enc *’ * wou ^ t0 ^ f° r your support by providing a full time participant to the working 
poup as well as representation on a Steering Group of senior executives. The study will commence 
in early January and will be completed no later than April 1, 1994 



The first meeting of the working group will be on Wednesday January 5, 1994,. starting at 
0900, at the Anser Corporation Complex, at the Crystal Gateway. Please provide the names of your 
representatives to SAF/AQS, Brig General Sebastian Coglitore at (703) 695-1904 (DSN 225-1904) 
and FAX (703) 697-5663. We look forward to your participation in this effort. 
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terms of reference 

FOR THE 

SPACE LAUNCH MODERNIZATION PLAN 


L INTRODUCTION 

Spaeelift systems are the enabling foundation for all hart 

commercial activities in space. Over t e pas sev ’ launch capabilities and 

examined and identified serious deficiencies in U S space laun ^P ^ 

competitiveness. To date, there is no consensus o tasked the Department of 

remedy these deficiencies. Recognizing this, Congress has tasKea ui 

Defense to build a Spaeelift Modernization Plan. 

II. PURPOSE 

A Study Group will convene in early January to add™t the ~*^ £**% 

Study Group's task is to develop a p an o "^ f]| . all y Congress directed the examination 

modernization of space launch capabi . P ’ identifies a new system for 

of «u requirements for a new launch < the plan identifies^ ^ ^ 

systemsTand (3) "of ie differences between U.S. and foreign space launch systems. 
III. ORGANIZATION 

representatives^generhfoffices.^or e , q ^ va ^ "Additionafiy^a^Wbrkin^Grwp 

Parent organisations 

will be responsible for any travel required by their representative . 

The Steering and Working Groups will include, but are not limited to, representatives of the 
following organizations: 

np.nart.menti nf Defense 

Office of the Undersecretary of Defense (Policy) , . s 

Office of the Undersecretary of Defense (Acquisition and Technology) 

Ballistic Missile Defense Office 

Advanced Research Projects Agency 

Joint Chiefs of Staff 
Secretary of the Air Force 
Headquarters U.S. Air Force 
Air Force Space Command 

(VWGovernment, Arencks ..... .. n 

National Aeronautics and Space Administration 
Department of Commerce 
Department of Transportation 
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IV. PRODUCTS 

SPACE LAUNCH MODERNIZATION PLAN. The Study Group will recommend an 
executable plan for improving the Nation's spacelift capabilities. Building this plan will 
require examination of the following areas: 

Spacelift System Requirements. The Study Group will conduct a comprehensive review of 
spacelift requirements for all national space sectors (military, intelligence, civil, and 
commercial) with the objective of examining and recommending whether the Department of 
Defense should allocate funds for a new expendable or reusable spacelift system, or 
improvements to the current fleet of expendable launch vehicles. The Study Group will 
evaluate a National Spacelift Requirements Process with the objective of developing 
national consensus on the approach for developing new spacelift systems. 

Past Studi es. The Study Group will conduct a comprehensive review of past studies 
highlighting the deficiencies of current spacelift systems and recommending improvements 
for future systems. 

Reducing Production Costs for Current Spacelift Systems. With industry cooperation, the 
Study Group will examine means of reducing production costs for existing expendable 
launch vehicles at current and projected production rates below the current estimates of the 
costs for those production rates. 

Snacelift Technology Development Efforts. The Study Group will conduct a comprehensive 
review of all ongoing spacelift technology development efforts currently under way in the 
United States. 

New Snacelift System Development. If the Study Group recommends that the Department 
of Defense should fund development or acquisition of a new expendable or reusable spacelift 
system, then they will identify requirements for such a system. 

Innovative Funding and Management. The Study Group will examine and recommend how 
to fund and mange development and acquisition of a new spacelift system through 
cooperation among DOD, national security, NASA, and commercial industry to minimize 
acquisition costs and development lead time. 

■COMPARISON The Study Group will report on the 

differences between existing U.S. and foreign expendable launch vehicles in terms of design, 
manufacturing, processing, overall management, and infrastructure to assess the effects of 
each specific difference on cost, reliability, and operational effectiveness. 

V, DURATION OF EFFORT 

The Study Group will prepare the Spacelift Modernization Plan for approval by USDCA&T) 
within 90 days. The Study Group will prepare the report comparing U.S. and foreign space 
launch systems for approval by USD(A&T) by 1 October 1994. 
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Air Force 
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_ Navy _ 
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